. This occurred after a significant seasonal decrease in DO at a rate of −0.130 ± 0.007 µmol kg −1 day −1 from July to December 2012.
Introduction
Water masses formed in the winter mixed layer around the Kuroshio Extension (KE) and to its north are exposed to the atmosphere and are nearly saturated with oxygen. After being isolated from the atmosphere, the water masses with high dissolved oxygen concentration (DO) are subducted to the main thermocline and extend southwestward on isopycnal surfaces along the North Pacific subtropical gyre (e.g., Reid 1997; Suga et al. 2008) . Throughout this process, called ventilation, the influence of the atmospheric conditions spreads to the subsurface layer within the subtropical gyre.
The climatological tongue-like structure of high DO across the KE is considered to be the averaged traces of smaller-scale subducted high-DO water masses. Focusing on the KE region and the region to the south, Measures et al. (2006) and Oka et al. (2009) reported mesoscale/submesoscale water masses with high DO in the main pycnocline to the south of the KE jet. Oka et al. (2009) described a high-DO patchy water mass 150 dbar thick and 40 km in diameter in the layer centered at the potential density (σ θ ) surface of 26.37 kg m −3 ( hereafter expressed as 26.37σ θ ) at a depth of approximately 500 dbar. The mesoscale/submesoscale water masses observed in subsurface layers would be subducted from areas north of the KE jet, where outcropping of water with potential density equivalent to Abstract From the moored buoy observation at 33.9 • N, 144.9 • E south of the Kuroshio Extension (KE), we obtained Eulerian time series of dissolved oxygen concentration (DO) at 200, 400, and 600 m depths from June 2012 to March 2013. We observed ventilation by meso-and submesoscale processes that transport water southward across the KE jet. First, the cyclonic mesoscale eddy in June 2012 substantially depressed DO at depths of 400 and 600 m but maintained DO at 200 m, suggesting near-surface lateral transport of high-DO water derived from the north of the KE. Second, subduction of high-DO (>230 µmol kg −1 ) water to a depth of 600 m was observed from early February to March 2013, associated with a mesoscale/submesoscale meandering of the KE jet. In mid-March 2013, shipboard hydrographic data were collected where the water mass at the mooring site would be advected by the eastward current on the southern flank of the KE. Based on these data, the subduction event was identified as an intrusion of an anomalously thick water mass from approximately 400-900 dbar. Ventilation of the subtropical mode water at a depth of 200 m around a subsurface DO maximum layer was detected as a rapid rise in DO in January that of the patchy water masses occurs in winter. However, there is no direct evidence of such cross-frontal subduction in the KE region.
Various researchers have examined characteristics of meso-or submesoscale DO variations south of the KE jet. Using an Argo float deployed to the south of the KE, Sukigara et al. (2011) obtained a DO time series down to a depth of 1000 m at 5-day intervals from March to July 2006. Using quasi-Lagrangian observations, they illustrated the variability of DO in the ventilated water mass trapped within an anticyclonic mesoscale eddy. Changes in DO within water masses result from physical and biogeochemical processes such as mixing with surrounding water and remineralization of organic matter. A deeper understanding of the spatiotemporal DO variation will provide insight into the ventilation of water masses into subsurface layers and their subsequent circulations.
To assess ventilation by subduction across the KE jet, a high-frequency time series observation of DO was conducted in 2012 by deploying a moored buoy at a station south of the jet (star in Fig. 1 ). This was part of a collaborative research program titled "Hot Spot in Climate System: Coupled OceanAtmosphere Variability over Monsoonal Asia due to Contiguousness between the Tropical Warmness and Arctic Coolness" (Nakamura et al. 2015) . Based on this Eulerian time series observation, we aim to describe the DO variations near the KE and to obtain direct evidence of cross-frontal subduction and knowledge about how subducted water is transported across the KE jet through mesoscale/submesoscale processes.
We observed DO variations resulting from isopycnal uplift and lateral water transport by cyclonic eddies, a seasonal decrease in DO and its rapid rise to near saturation, and southward mesoscale/submesoscale water mass subduction across the KE. In this study, we demonstrate the variation in DO using Eulerian DO time series and conductivity-temperature-depth-oxygen (CTDO 2 ) sections collected by a research vessel. Our observations and data are presented in Sect. 2. In Sect. 3, we illustrate the variation in DO due to the above-mentioned three factors using the DO time series and shipboard CTDO 2 data. Our results are summarized in Sect. 4.
Observations and data

Moored buoy observation
On June 22, 2012, we deployed the Kuroshio-Triangle Trans-Ocean buoy Network (K-TRITON) buoy at 33.9 • N, 144.9 • E (Fig. 1 ) using the R/V Mirai of the Japan Agency for Marine-Earth Science and Technology (JAMSTEC). A diagram of the buoy mooring system is shown in Fig. 2 . The design of the buoy system was based primarily on the m-TRITON buoy system (Ueki et al. 2010 ) developed by JAMSTEC, and modified based on the Kuroshio Extension Observatory buoy (Cronin et al. 2008) developed by the US National Oceanic and Atmospheric Administration (NOAA). To ensure successful deployment of the buoy in strong currents such as the KE, it was moored with a 3.8-ton anchor. The load on the line from the current was mitigated using slack-line mooring with a large scope ratio (1.53) to a depth of 5746 m and fairing down to a depth of 190 m. The buoy was able to move within a radius of approximately 7 km from the mooring point. CTD, DO, conductivity-temperature (CT) sensors, and a current meter were installed on the subsurface line. A suite of meteorological sensors was installed on the buoy tower.
The buoy was initially deployed for a 1-year observation, but drifted due to an unexpected mooring break on March 8, 2013. The drifting buoy was recovered by the R/V Mirai soon afterward. The sensors attached to the mooring line were recovered by the JAMSTEC R/V Kaiyo on July 7, 2013, after lying on the seabed for 3 months. We examined DO and CTD data obtained over approximately 10 months from early summer (June 22, 2012) to late winter (March 7, 2013) .
We attached RINKO I optical DO sensors (JFE Advantech Co., Ltd., Nishinomiya, Japan) to the mooring line at depths of 200, 400, and 600 m (marked by red, green, and blue rectangles in Fig. 2, respectively) . Due to the lateral movement of the buoy, the 200-and 600-m sensors were displaced vertically over ranges of [190] [191] [192] [193] [194] [195] [196] [197] [198] [199] [200] [201] [202] [203] and 520-605 dbar, respectively. Thus, to obtain meaningful descriptions of DO variations, in addition to referring to the nominal sensor depths, it is necessary to address the potential density time series based on the CTD data. To offset initial sensor drift, we kept the sensors operating for approximately 3 weeks before deployment. DO saturation percentage and temperature were measured at intervals of 30 min, and their daily mean values were used. The accuracy of saturation percentage and temperature provided by the manufacturer are 2 % of full-scale range (0-200 %) and 0.02 • C, respectively. To estimate oxygen solubility, we adopted the polynomial prepared by García and Gordon (1992) and used temperature data obtained from built-in RINKO I thermometers and salinity data from the SBE 37 CTD system (Sea-Bird Electronics, Bellevue, WA, USA) at depths of 200 and 600 m. The oxygen solubility at a depth of 400 m was calculated using the RINKO I temperature values and interpolated salinity values based on the data at depths of 200 and 600 m. Multiplying the saturation percentage by oxygen solubility, we obtained DO values in the unit of µmol kg −1 . The nominal accuracy of DO for the present measurements is equivalent to or better than 11 µ mol kg −1 . This is smaller than the variation ranges (>30 µ mol kg −1 ), as described in Sect. 3.
Shipboard observation
In early July and early December 2012, CTDO 2 data were collected aboard the R/V Ryofu-maru operated by the Japan Meteorological Agency (JMA). The data were obtained to depths over 2000 dbar in the KE region using an SBE 911plus CTD system (Sea-Bird Electronics) and a RINKO III (JFE Advantech) with Niskin bottles mounted on a SBE 32 Carousel water sampler. Immediately after the buoy observation (mid-March 2013), CTDO 2 data were collected aboard the vessel. The observation line extends 
Results and discussion
Lateral water transport by mesoscale eddy
As illustrated by the solid contours in Fig Nagano et al. 2014 ) and could contain a larger amount of oxygen than that on the same isopycnal surface south of the KE. In early July, a few weeks after the DO depressions at 400 and 600 m, the eastern limb of the cyclonic eddy passed the buoy station (Fig. 4b) , and DO reached a minimum at 200 m. With the cyclonic eddy passage in September 2012, DO was reduced at all depths.
The cyclonic mesoscale eddy in June 2012 was much stronger than that in September 2012. This is indicated by the lower SSH at the eddy center on June 20 (∼70 cm) ( Fig. 4a ) than on September 5 (∼110 cm) (Fig. 4c) . The local Rossby number U/βR 2 , where U is the eddy current speed derived from SSH, β is the latitudinal variation of the Coriolis parameter, and R is the eddy radius [e.g., Ichikawa et al. (1995) ], exceeds 10 for the eddy in June, which is more than twice that for the eddy in September. The strong cyclonic eddy in June was able to capture high-DO water within the interior of the eddy and carry it from the formation region north of the KE.
Apparent oxygen utilization (AOU), the difference between the measured and saturated DO, was higher in the deeper layers until February 12, 2013 (Fig. 3b) , suggesting that the water masses were piled up in the order of older to younger. Even with the passage of the cyclonic mesoscale eddies, the structure of the chronological order below a depth of 200 m was undisturbed, although AOU increased by over 50 µmol kg −1 . Thus, the large AOU elevations, or DO depressions, at 400 and 600 m in June 2012 and those at all depths in September 2012 can be explained by the ascending deep low-DO (high-AOU) water by the cyclonic eddies. 
Oxygen consumption and recovery to near saturation
DO at a depth of 200 m (red solid line in Fig. 3a ) dwindled from July to December 2012, except for the rapid decreases and recoveries of DO associated with the mesoscale eddies. Using a linear regression from July to December, and excluding the periods of eddy passage, the decreasing rate at 200 m was estimated as −0.130 ± 0.007 µ mol kg −1 day −1 (the error value was calculated as the rms difference from the linear regression slope). The rate of decrease is one order of magnitude greater than the error value and the 95 % significance level (0.013) based on Student's t test, i.e., statistically significant. During the same period, the linear trends of DO at depths of 400 m (−0.011 ± 0.014 µmol kg −1 day −1 ) and 600 m (−0.030 ± 0.012 µmol kg −1 day −1 ) were one order of magnitude smaller than that at 200 m. Because the DO sensors were located at fixed depths below the euphotic layer, DO varied due to oxygen consumption through remineralization of organic matter, vertical isopycnal displacement, and water intrusion. Oxygen consumption through remineralization and vertical displacement of water likely caused the gradual decrease in DO at 200 m. At depths of 400 and 600 m, the consumption of DO through remineralization was much smaller than that at 200 m, likely because the organic carbon flux, which enhances oxygen utilization, decreased with depth, as Suess (1980) , Sarmiento and Gruber (2006) , and others have illustrated.
In the early July 2012 observation (black crosses in Fig. 4b ), at most of the CTDO 2 stations south of the KE jet (the sharp SSH gradient), AOU lower than 30 µmol kg −1 was recorded on the isopycnal of 25.3σ θ deeper than the primary DO maxima, or the shallow maximal oxygen layer, near the sea surface (Reid 1962; Sukigara et al. 2011 Sukigara et al. , 2014 ; these profiles are shown by black lines in Fig. 5a . We calculated potential vorticity (PV) defined as where f is the Coriolis parameter, ρ is water density, and z is the upward vertical coordinate (e.g., Talley 1988; Hanawa and Talley 2001) . At stations with low AOU on the isopycnal of 25.3σ θ (black lines in Fig. 5b ), the minima of PV smaller than 1.5 × 10 −10 m −1 s −1 , or the cores of the subtropical mode water (STMW), were found in the isopycnal layer.
At many stations south of the KE jet in early December 2012 (black crosses in Fig. 4d) , the low-AOU water existed as subsurface AOU minima on the isopycnal of approximately 25.3σ θ (black lines in Fig. 6a ). The AOU minima correspond to the layer of the secondary DO maxima between approximately 200 and 300 m to the south of the Kuroshio and KE (Okubo 1958; Taft 1978) . Taft (1978) suggested that the secondary DO maxima were derived from the STMW. As indicated by the PV minima (< 1.5 × 10 −10 m −1 s −1 ) on the isopycnal of 25.3σ θ (Fig. 6b) at the stations marked by black crosses in Fig. 4d , the subsurface AOU minima coincide with the cores of the STMW. From early July (Fig. 5a ) through early December 2012 (Fig. 6a) , AOU around the isopycnal of 25.3σ θ increased less than that in the upper layer. Using the data at the stations with AOU <30 µ mol kg −1 on the 25.3σ θ surface (black crosses in Fig. 4b, (1)
), which appears to be the condition of the existence of the AOU minima in Fig. 6a , rates of DO and AOU changes with respect to potential density were estimated as the differences between the mean values in early July and early December, divided by the time interval (Fig. 7) . Taking into account the standard deviation representing the spatial variation, the rate of the decrease in DO based on the shipboard data is equivalent to or lower than that at the moored buoy station in most of the measured potential density range (vertical dashed line in Fig. 7a ). Both the decreasing DO rate and increasing AOU rate diminish with potential density, from approximately 24.8 to 25.4σ θ . In other words, DO tends to decrease more slowly around the isopycnal of 25.3σ θ than in the overlying layer. As a result, the secondary DO maximum is formed in the core layer of the STMW, which takes up oxygen from the atmosphere in winter. Except for occasions on which the cyclonic eddy passed near the moored buoy station, potential density at 200 m (red dotted line in Fig. 3a) decreased from 25.3 to 25.0σ θ . Therefore, for most of the observation period, the sensor stayed above or near the layer of seasonal DO decrease where the AOU minima (the secondary DO maxima) were observed in December. Taking into account isopycnal lowering, or the DO decrease due to the slight decrease of potential density just above the secondary DO maxima, the decreasing rate of DO from the consumption of organic matter would be smaller than the present estimate. Sukigara et al. (2011) estimated a decreasing rate on the isopycnal of 25.15σ θ in the STMW layer within an anticyclonic mesoscale eddy (-0.229 µmol kg −1 day −1 ), which is more rapid 180) ; before the abrupt decrease, the decreasing rate was equivalent to present estimates.
During a 3-day period beginning January 8, 2013, DO at a depth of 200 m rose to approximately 220 µmol kg −1 . The water in the layer was nearly saturated (∼94 %) with oxygen. After the steep increase, DO at depth increased gradually until early March, reaching 228 µmol kg −1 . The rapid recovery to near oxygen saturation in early January and the subsequent gradual DO increase were associated with an abrupt decrease and a gradual increase in potential density (red dotted line in Fig. 3a) . The rapid increase in DO likely marks the time when the local mixed layer extended to 200 m and the STMW began to ventilate. The subsequent gradual increase may reflect the uptake of oxygen from the atmosphere and/or biological production of oxygen.
Cross-frontal subduction
After mid-February 2013, the KE abruptly shifted southwestward (dashed contours in Fig. 1 ). Weekly SSH maps from February 6 to March 13, 2013, are shown in Fig. 8 . On February 6 (Fig. 8a) , the KE jet protruded northward on mesoscale or smaller eddies in the upstream of the meander trough near 35.0 • N, 146.2 • E (indicated by white arrows in Fig. 8a) . Subsequently, the meander trough of the KE jet developed in mid to late February (Fig. 8b-d) , and reached the buoy station in early March (Fig. 8e, f This kind of meso-or submesoscale jet meandering induces a three-dimensional ageostrophic cross-frontal circulation and may cause subduction of surface mixed-layer water, as demonstrated in previous theoretical and numerical studies (e.g., Spall 1995; Yoshikawa et al. 2001 Yoshikawa et al. , 2012 . During the highly variable KE jet, the layered AOU structure (Fig. 3b) was significantly disturbed. At a depth of 600 m (blue solid line in Fig. 3a) , a notably high DO, which twice exceeded 230 µmol kg −1 , was observed from February 12 to March 7, 2013 . No significant change in potential density was observed on these occasions. Therefore, the high-DO signal did not originate from an anticyclonic mesoscale eddy that could lower the main pycnocline around a depth of 600 m but was likely related to the development of the KE meander.
The AOU value (∼40 µmol kg −1 ) at a depth of 600 m (blue solid line in Fig. 3b ) from February 12 to March 7, 2013, was equivalent to and sometimes slightly lower than the value at a depth of 400 m (green solid line). Judging from the differences in DO, AOU, and potential density between depths of 200 and 600 m, the high-DO water with a potential density of approximately 26.4σ θ at 600 m in the late winter was not outcropped near the buoy station. Therefore, it must have been subducted to the layer from north of the KE, where the outcropping of the isopycnal layer of 26.4σ θ occurs (e.g., Suga et al. 2004) .
Each of the high-DO signals continued for approximately 10 days. Considering that the mooring site was located on the southern flank of the KE, the long duration of the high-DO signals indicates that the intrusions may have been elongated in the direction of the current like filaments. Similar filament-like intrusions have been produced in numerical models of a zonal jet by Spall (1995) , Yoshikawa et al. (2001 Yoshikawa et al. ( , 2012 , and others. Considering the speed of the eastward current observed on the southern flank of the KE between approximately 400 and 600 dbar at the E-line (∼30 cm s −1 ), the filament length of the high-DO water (the product of the current speed and the duration of the high-DO signal) was estimated as ∼260 km.
The eastward extension of the high-DO water from the time series at the buoy station is shown in Fig. 9a, b as sections of DO and AOU at the W-line and E-line in midMarch 2013, respectively. In the main pycnocline between 400 and 900 dbar (Fig. 9c) , DO decreased sharply from 180 to 60 µmol kg −1 (Fig. 9a) . The layer of the sharp vertical DO gradient ascended northward across the KE jet at latitudes of approximately 34 • N at the W-line and 35 • N at the E-line. At the E-line (right panel in Fig. 9a ), patchy mesoscale/submesoscale water masses characterized by DO higher than approximately 240 µmol kg −1 , which corresponded to AOU lower than approximately 50 µmol kg −1 (Fig. 9b) , were found to intrude into the south of the KE (black crosses in Fig. 8f ) along the slope of the main pycnocline between 26.1 and 26.6σ θ (Fig. 9c) . This intrusion at latitude 34 • N was remarkably thick and extended from approximately 400 to 900 dbar. The maximal DO value of 285 µmol kg −1 was found at a depth of approximately 800 dbar.
Note that the high-DO waters were accompanied by intrusions of low-salinity (<34.0) waters (Fig. 9d) . The base of the low-salinity water reached to approximately 1100 dbar, which was deeper than that of the high-DO (low-AOU) water. Much thicker water than expected from the DO (AOU) signature alone was involved in the crossfrontal subduction from the north of the KE. With this anomalously thick subduction in late winter, the waters fresher than 34.0 intruded into the layer below the isopycnal surface of 26.7σ θ . These are considered to be the Oyashio-derived waters as studied by Okuda et al. (2001) and Shimizu et al. (2004) . Because this layer in the North Pacific is never exposed to the sea surface (Reid 1965) , the intrusion into the layer deeper than 1000 dbar cannot be identified by either high DO (Fig. 9a ) or low AOU (Fig. 9b) .
To examine the properties of the subducted mesoscale water masses, we show the distributions of DO and AOU at the E-line in relation to potential density (Fig. 10a, b) . The high-DO and low-AOU waters were subducted in a layer between the isopycnal surfaces of 26.1 and 26.6σ θ , and were accompanied by the low-salinity waters down to the isopycnal surface of 27.0σ θ (Fig. 10c) . In addition, we calculated PV using Eq. (1) (Figs. 9e, 10d) . Anomalously low PV (< 1.5 × 10 −10 m −1 s −1 ), or weak stratification, was associated with the high-DO waters (Figs. 9a, 10a) .
The very thick subducted water (red line in Fig. 11a ) consisted of several potential density layers around 26.1, 26.3, and 26.4σ θ and was characterized by PV minima. This multiple-layer structure suggests simultaneous subduction of high-DO waters of different densities. Interestingly, potential densities in the minimal AOU layers (Fig. 11b) coincide with those in the minimal PV layers (Fig. 11a) . The minimal AOU values were very low (∼10 µ mol kg −1 ). Therefore, the low-AOU water was likely subducted directly from the recently developed mixed layer.
Probably because of mixing with the surrounding water, the AOU around 26.4σ θ at 35 • N (blue line in Fig. 11b ) was relatively high (∼40 µmol kg −1 ) and was almost equivalent to that observed at the buoy station from February 12 to March 7, 2013 (blue solid line in Fig. 3b) . The low-AOU (high-DO) signals at the buoy station in late winter might be evidence of detection of the lower part of the intruded water mass at 35 • N on the E-line. On the basis of geostrophic velocity at the E-line calculated with a reference depth of 2000 dbar, the subducted low-AOU water masses may have been transported by the east-southeastward current at a velocity of approximately 20 to 40 cm s −1 . The results 
obtained from the analysis of shipboard CTDO 2 data are consistent with the interpretation that the high-DO waters at the two stations on the E-line are related to the subduction event of the high-DO water detected at the buoy station from February 12 to March 7, 2013. On the other hand, it is possible that the high-DO waters at the E-line were subducted from different places on the KE jet at different times. Nevertheless, the spatiotemporal structure of mesoscale/ submesoscale subduction across the KE jet is revealed by the moored buoy and shipboard observations of DO.
At the W-line (left panels in Fig. 9 ), however, no significant traces of cross-frontal intrusions were observed in the sections of DO, AOU, potential density, salinity, or PV. The contrast between the E-line and W-line suggests that frontal mesoscale or smaller intrusions across the KE tend to occur in the downstream region of the KE meander crest near 143 • E; i.e., the upstream region of the meander trough around 147 • E that is analogous to the characteristics of the southward onshore water outflow across the Kuroshio upstream of the large meander south of Japan (Nagano et al. 2010 ) and the mesoscale subduction across the Gulf Stream (Thomas and Joyce 2010) .
Summary and conclusion
The Eulerian DO time series at depths of 200, 400, and 600 m were obtained over a period of approximately 10 months from June 2012 to March 2013 at the moored buoy station south of the KE jet (33.9 • N, 144.9 • E). DO was considerably depressed due to isopycnal heaving of the cyclonic mesoscale eddies, as observed at depths of 400 and 600 m in June and at all depths in September 2012, and recovered after eddy passage. Ventilation of the STMW at a depth of 200 m near the secondary DO maximum (AOU minimum) layer was detected as a rapid increase in DO in January 2013 after a seasonal decrease at a rate of −0.130 ± 0.007 µmol kg −1 day −1 from July to December. In addition, the DO time series suggests the cross-frontal transport of water masses: the lateral water transport (at 200 m in June 2012) due to the cyclonic mesoscale eddy pinched off from the KE and the southward mesoscale subduction of the high-DO water at 600 m from February 12 to March 7, 2013. The continuous high DO suggests that the subduction was elongated by approximately 260 km along the current on the southern flank of the KE. This filamentlike feature is a unique characteristic of mesoscale crossfrontal subduction, unlike the patchy water mass observed at a distance from the KE front by Oka et al. (2009) .
A part of the subducted high-DO water was observed in the CTDO 2 data collected in mid-March 2013 aboard the R/V Ryofu-maru in the downstream section of the KE meander crest (E-line). The water masses, whose maximal DO was 285 µmol kg −1 , were subducted in the layer between the isopycnal surfaces of 26.1 and 26.6σ θ and vertically extended from approximately 400-900 dbar. The subducted water consisted of several water masses with different potential density values including 26.1, 26.3, and 26.4σ θ , which were associated with the DO maxima (>240 µmol kg −1 ), and may have undergone different processes of formation and advection.
The subduction of high-DO and thick water masses indicated by the moored buoy and shipboard observations was associated with substantially lower PV (< 1.5 × 10 −10 m −1 s −1 ), which is a typical signature of mode waters (e.g., Hanawa and Talley 2001) . The subducted water masses likely contribute to the formation of a subsurface pycnostad structure in the North Pacific central mode water (Nakamura 1996; Suga et al. 1997; Oka and Qiu 2012) . Simultaneously, low-salinity water fresher than 34.0 intrudes into the layer between 26.3 and 27.0σ θ to a depth of approximately 1100 dbar. Such an intrusion may contribute to the formation of the North Pacific intermediate water (e.g., Shimizu et al. 2004) . The variation in DO from the moored buoy observation and the hydrographic cross-sectional structure from shipboard observation provide evidence of meso-and submesoscale processes that transport water southward across the KE jet. This suggests that the near-surface water in areas north of the KE jet are directly subducted to the base of the main thermocline south of the jet, forming filament-like structures along the southern flank of the mesoscale/submesoscale meandering jet.
Mesoscale/submesoscale meanders at and around the KE jet are likely related to the generation of high-DO water subduction, as indicated in previous theoretical and numerical studies (e.g., Spall 1995; Yoshikawa et al. 2001 Yoshikawa et al. , 2012 . Similar submesoscale subduction of high-DO waters along the flank of the meandering KE were produced in an ecosystem model embedded in an ocean general circulation model with 1/30 • resolution (M. Nonaka and S. Hosoda, personal communication). Due to the limited coverage of the data used in this study, the general characteristics of the seasonal and year-to-year variation in mesoscale/submesoscale subduction and the subsequent behavior of subducted water cannot be addressed in this paper. Nevertheless, the present results will be invaluable in corroborating and improving high-resolution numerical models. In future studies, the seasonal and interannual variation in mesoscale/submesoscale water mass subduction will be examined using numerical models in addition to long-term buoy data and continuing Argo float data.
